Zir co nia sta bi lized with 8 wt.% Y 2 O 3 is the most com mon ma te rial to be ap plied in ther mal bar rier coat ings ow ing to its ex cel lent prop er ties: low ther mal con duc tivity, high tough ness and ther mal ex pan sion co ef fi cient as
In tro duc tion
In or der to in crease the ther mal ef fi ciency of a gas-tur bine cy cle (two ways are pos sible as sum ing the ba sic ef fi ciency equa tion h = 1 -T min. /T max. -Car not ef fi ciency): de creas ing T min. and in creas ing T max. . The first is lim ited by the am bi ent tem per a ture T 0 and by the size of the air preheater sur face. The in crease of T max. cre ates strength prob lem on the blades and vanes mate rial. It is pos si ble to avoid these prob lems by keep ing the blades and vanes ma te rial tem per ature be low T max. , us ing coated blades and vanes or/and cool ing these el e ments by air from the air com pres sor [1] . When air cool ing tech nique is used, a higher com bus tion tem per a ture is required to com pen sate the cool ing ef fect of the cool ing air.
Zir co nia (ZrO 2 ) sta bi lized with 8 wt.% Y 2 O 3 is the most com mon ma te rial to be applied in ther mal bar rier coat ings (TBC) ow ing to its ex cel lent prop er ties: low ther mal con duc tivity; high tough ness and ther mal ex pan sion co ef fi cient sim i lar to the sub strate and in ter me di ate me tal lic coat ings, good wear and ero sion re sis tance and a good re sis tance to ther mal shocks.
TBC's im prove per for mance at high tem per a tures [2] [3] [4] , al low ing higher in let tem pera tures for the same cool ing rates or even re duc ing and sim pli fy ing the cool ing sys tems [3, 5] . Also, with the in crease of hot gas tem per a ture some ben e fits con cern ing re duc tion of emis sions like the un burned hy dro car bons and CO are ex pected. How ever, the ni tro gen ox ide NO x emissions would tend to in crease [6] . Now a days the re quests for emis sions re duc tion (ni tro gen oxides, car bon ox ide, and un burned hy dro car bons) are very im por tant. The abate ment of NO x emis sions, can be achieved by the con trol of flame tem per a ture (staged com bus tion, in jec tion of wa ter and steam into the flame), by im prov ing the combustors de sign or by cat a lytic re ac tions.
Super al loy de vel op ments (with di rec tional and sin gle crys tal so lid i fi ca tion) al low its op er a tion above 1000 ºC (1273 K) un der higher stresses. How ever to achieve higher ther mal effi cien cies and power the highly ther mal loaded parts of gas tur bines are usu ally pro tected with a MCrAlY (M-Ni, Co) bond coat coat ing which pro vides ox i da tion pro tec tion and better thermo-me chan i cal com pat i bil ity with a ce ramic TBC which most of the time is a par tially sta bilised zir co nia (ZrO 2 -8 wt.% Y 2 O 3 ) with about 300 mm thick ness. As is well known, the ZrO 2 -8 wt.% Y 2 O 3 coat ings are not able to op er ate con tin u ously above 1200 ºC (1473 K) be cause of the sintering ef fects. TBC's sintering re duces the po ros ity, al low ing the in crease in elas tic modulus and re sid ual stresses that re duces the frac ture tough ness. These ef fects as so ci ated with the thermally growth ox ide leads to an early fail ure of the coat ing [7] [8] [9] [10] [11] [12] . An other ef fect of work ing at higher tem per a tures is re lated with the phase sta bil ity. At high tem per a tures the non trans formable tetragonal zir co nia (t') tends to trans form to the tetragonal and cu bic phase (t + c) and un der the cool ing it trans forms to monoclinic that is ac com pa nied by a 3 to 5% vol ume ex pan sion of uni tary cell, and this vol ume ex pan sion can cause high re sid ual stresses and mi cro cracks leading to de lami nat ing and spo li a tion of coat ings [13] . Now a days with the pur poses of fur ther in crease the ef fi ciency of gas tur bines plants new high tem per a ture sta ble ma te ri als are re quired. These ma te ri als should im prove the ther mal gra di ent in the hot sec tions for the same or sim pli fied cool ing sys tems, for high gas in let tem pera tures and should have the good com bi na tion of prop er ties as zir co nia. For this pur pose, ma te rials with lower ther mal con duc tiv i ties have been de vel oped in the re cent years, con sist ing on the ad di tions of some rare earth ma te ri als to the base zir co nia coat ings, chang ing the ar chi tec ture of the coat ings (lay ered struc tures and graded ma te ri als in com po si tion and in po ros ity), by the nanocomposite coat ings, and new ma te ri als like lanthanide group ma te ri als [14] [15] [16] [17] [18] [19] .
In ther mal bar rier coat ings ap pli ca tions, the heat trans fer by con duc tion has the most im por tant con tri bu tion. That is why the ther mal con duc tiv ity of ther mal bar rier coat ings is a very im por tant pa ram e ter to cal cu late the heat flow and the tem per a ture gra di ent of the coated parts [20] .
In or der to es ti mate the ef fect of ther mal con duc tiv ity, the plasma sprayed zir co nia thermal bar rier coat ings with a ther mal con duc tiv ity val ues, k 1 in the range 0.5-1.2 W/mK were consid ered. In the case of gas tur bines, the ther mal con duc tiv ity val ues for TBC's are 0.8 to 1 W/mK which is a func tion of the po ros ity level [21] .
To find out the ef fect of ther mal bar rier coat ings ap pli ca tion on tur bine blades, cal cula tion has been made for the gain in ther mal ef fi ciency and net power of the tur bine plants. A detailed de scrip tion of the re sults func tion of ther mal con duc tiv ity, thick ness of the top coat, and the mass flow rate of cool ing air is pre sented. The ap pli ca tion of ther mal bar rier coat ings al lows a re duc tion of the tem per a ture on metal parts, in creas ing their life time and im prov ing the gas tur bines per for mances.
Ther mo dy namic anal y sis
With the pur pose to per form en ergy and exergy anal y ses of a gas tur bine plant it was con sid ered the gas tur bine plant with re gen er a tion shown in fig. 1 , which works un der the Joule-Brayton cy cle. The pa ram e ters of the char ac ter is tic points are given in the en closed ta ble. The work ing pro cesses of the Joule-Brayton cy cle are: isentropic com pres sion of the air at at mospheric tem per a ture and pres sure (1-2); iso baric air pre heat ing (2-3); iso baric com bus tion (3-4); isentropic ex pan sion (4) (5) , and iso baric cool ing of flue gas (5-6). The pro cess (6-1) is fic tive, as the ex haust gases exit at point 6 and fresh air en ters at point 1. In this anal y sis the tem per a ture de pend ent work ing flu ids prop er ties (c p a , c p g ) were con sid ered to de scribe more re al is ti cally the plant op er a tion.
En ergy anal y sis
For the con sid ered plant, the gas tur bine power & W GT , air com pres sor power & W AC , net power & W net and ther mal ef fi ciency (first law ef fi ciency) h I are given by the fol low ing eqs. [22] [23] [24] :
Air com pres sor power
where
g a -air spe cific heat ra tio, g a = c p a /(c p a -R a ); h AC = 0.8468, air com pres sor isentropic ef fi ciency [22] . The spe cific heat as a func tion of tem per a ture (tem per a ture range: 273-1800 K) is calcu lated for the dif fer ent gases as is shown in tab. 1 [23] . Combustor mass balance
Combustor en ergy bal ance
The flue gas spe cific heat is given by the equa tion:
Chem i cal equa tion for meth ane com bus tion with ex cess air (the dis so ci a tion pro cess is not con sid ered):
Air preheater en ergy bal ance:
where:
, Dp a APH = 0.05 (pres sure loss on the air path) [22] ; p 6 = p 5 (1 -Dp a APH ), Dp g APH = 0.03 (pres sure loss on the flue gas path) [22] . Con sid er ing the pre vi ous cal cu la tions we are able to de ter mine the net power and first law ef fi ciency of our sys tem.
Gas tur bine power co mes as:
& & [ ( ) ( ) ] W m c T T c T T GT g p g p g = -
Net power:
First-law ef fi ciency or ther mal ef fi ciency (the ra tio of net work out put and to tal heat in put) of the gas tur bine plant:
Exergy anal y sis
Exergy is a ther mo dy namic con cept that mea sures the max i mum amount of use ful work that can be ex tracted when a sys tem is brought re vers ibly into equi lib rium (ther mal, mechan i cal, and chem i cal) with the stan dard en vi ron ment (T 0 = 298.15 K, p 0 = 1.013 bar) con ditions.
The exergy anal y sis [25] given by the de scrip tion bel low, was im ple mented in or der to es ti mate the sec ond-law ef fi ciency of the gas tur bine plant.
Exergy bal ance for air com pres sor
where the spe cific exergy of air streams is:
Exergy bal ance for com bus tion cham ber
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where e f is the spe cific exergy of the fuel, e f = 51 850 kJ/kg [22] ; n k and x k are the mol num ber and mo lar frac tion of the k th el e ment, re spec tively (see tab. 2); AFR = m a /m f -air-fuel ra tio.
Ta ble 2. Equa tions for cal cu lat ing mass, mole num ber and mole frac tion of the com bus tion gas con stit u ents

Mass
Mole num ber Mole frac tion
To tal mass of the com bus tion gas
To tal mole num ber of the com bus tion gas
To tal mole frac tion of the com bus tion gas 
Exergy bal ance for gas tur bine
The exergetic ef fi ciency (the ra tio of the exergy re cov ered or exergy of prod uct by the exergy sup plied or exergy of fuel) of the gas tur bine plant is:
Sum ming up eqs. (12-17) we ob tain the avail able work de stroyed through ther mo dynamic ir re vers ibil ity:
Equa tion (18) al lows us to cal cu late the sec ond-law ef fi ciency (the ra tio of the use ful work out put and the max i mum pos si ble -re vers ible -work out put) of the gas tur bine plant [1] :
Fig ure 2 shows the change of ef ficiency (for the 3 re ferred ef fi cien cies) as a func tion of AFR. As pre dicted, there is an ini tial raise with a sub se quent re duction of all ef fi cien cies, as the AFR is increas ing.
NO x and CO emis sions
Now a days the en vi ron men tal ef fect of com bus tion gases is an im por tant con cern and a clean com bus tion of fossil fu els is nec es sary.
In the es ti ma tion of pol lut ant emissions it was con sid ered a dry low NO x combustor. In this combustor the emis sions are re duced only by flame tem per a ture con trol us ing a staged com bus tion.
The emis sions are es ti mated us ing the fol low ing semi-an a lyt i cal cor re la tions [26] : . exp
where the adi a batic tem per a ture in the pri mary zone of the combustor is:
and y -the H/C atomic ra tio (for meth ane y = 4); x, y, z -the qua dratic func tions of 1/AFR [6] ; B, a, b, and l -con stants [6] ; t -the res i dence time in the combustor (t = 0.002 s) [26] .
Heat trans fer anal y sis
In ter nal cool ing chan nels for mod ern ro tor blade are ex tremely com plex and they neces si tate nu mer i cally study for the tur bu lent flow and heat trans fer. In or der to es ti mate the temper a ture evo lu tions of a mul ti lay ered struc ture a sim pli fied anal y sis was per formed con sid er ing a one-di men sional heat trans fer model [27] . Figure 3 rep re sents a cross-sec tion of the blade in the lon gi tu di nal and transversal di rec tion as well as the heat flux through the blade and an ex ample of the tem per a ture evo lu tion through the wall blade and along the blade. The con sid ered cool ing sys tem is an open air-cool ing cir cuit scheme. Un der steady-state con di tions, the rate of heat trans fer through the wall must be in equi lib rium with the rate of heat trans fer out.
Be cause of the low ther mal con duc tiv ity of sub strate, the heat flux along the blade is ne glected. The ra di a tion heat flux from the sub strate to the cool ing air is also ne glected, due to the small vol ume of the cool ing air.
For con vec tion heat trans fer we have cho sen the fol low ing equa tions. -The flow rate of heat transfer from the combustion gases to the TBC top coat wall [28] :
-The flow rate of heat transfer from the substrate inner wall to the cooling air [29] : The rate of ra di a tion heat trans fer from no lu mi nous gas is given by: 
Sub sti tut ing (27) in (25) we ob tain:
The rate of con duc tion heat trans fer through the wall blade is:
Solv ing the equa tion ex press ing the equi lib rium be tween the rate of heat trans fer through the wall must and the rate of heat trans fer out we ob tain tem per a ture dis tri bu tion in the blade wall at the blade root for a given com bus tion gases tem per a ture and a given cool ing air mass flow:
where dT c /dx is tem per a ture vari a tion of cool ing air along the blade. From these equa tions we can de ter mi nate the cool ing air tem per a ture at the blade out let: With this new value of T c the tem per a ture dis tri bu tion across the blade wall at the blade tip can be cal cu lated. The val ues of the var i ous pa ram e ters used for the sim u la tions are pre sented in tab. 4. 
Re sults and dis cus sion
Ef fect of TBC's on tem per a ture dis tri bu tion through the wall blade
The cal cu la tion made for the heat trans fer on the first stage blades gives the tem per ature on the sur face of the ther mal bar rier coat ing T s1 and at the var i ous in ter faces with the other in ter me di ate coat ings and sub strate T s2 , T s3 , and on the in ter nal sur face of sub strate T s4 which is cooled by the cool ing air that also in creases its tem per a ture to wards the blade tip. Only the first stage blades are con sid ered be cause they are ad ja cent to the combustor, where the gases have the high est tem per a ture. This anal y sis was done for gas in let tem per a tures T g in the range from 1300 to 2000 K and a con stant tem per a ture of cool ing air (T c = 600 K) on the blade root.
In the pre sented re sults two lim its were con sid ered: (1) 1200 ºC (1473 K) for the maximum temperature for the partially stabilized ZrO 2 -8 wt.% Y 2 O 3 coatings, because above this temperature the sintering effects are more pronounced and the non-transformable tetragonal zirconia tends to transform to the tetragonal phase and under the cooling down transforms to monoclinic causing all the well known ominous effects, and (2) 1000 ºC (1273 K) for the maximum substrate (Inconel 738 LC) temperature, in order to guarantee the thermo-mechanical strength. The in flu ence of the ther mal con duc tiv ity k 1 , thick ness d 1 of the top zir co nia coat ing and the per cent age of the mass of air cool ing rate were stud ied show ing for each case the temper a ture gra di ent through the wall blade and the max i mum gas in let tem per a ture al lowed consid er ing the lim its pre vi ously es tab lished. Cal cu la tions were done for the ther mal con duc tivity val ues in the range 0.5-1.2 W/mK. How ever the val ues for plasma sprayed coat ings ranges 0.8-1 W/mK. Con cern ing the zir co nia coat ing, three thick nesses d 1 were con sid ered: 300, 400, and 500 mm. Typ i cally this ap pli ca tion uses 300 mm and for coat ings with thick ness up 500 mm they tend to spill early due the poor ad he sion. Three val ues for the mass of air cool ing rate were also used (1, 1.5, and 2%) .  Fig ure 4 shows an ex ample for the re sults of the model at the blade tip po sition that is the crit i cal zone be cause the gas tem per a ture is the same along the blades but the air cool ing tem per ature in creases from blade root to blade tip where the cool ing ef fect is less ef fec tive. In the fig ure, the tem per a ture in each po si tion of the wall blade is plot ted for dif fer ent in let tem per a tures.
The in flu ence of the var ious pa ram e ters on the temper a ture dis tri bu tion through the wall blade, shown in figs. 5 to 8, was de ter mined from the pre vi ous re sults and for the con sid ered lim its. In fig. 5 the tem per a ture gra di ents across the wall blade sec tion are plot ted as func tion of the mass flow rate of blade cool ing air, con sid er ing the limit tem per a ture at the sur face of the top coat equal to 1200 ºC (1473 K). It was ob served an in crease in the tem per a ture gra di ent as & m c is in creased for the three an a lyzed con di tions.
An in crease in the tem per a ture gra di ent was also ob served when the thick ness of the top coat was en larged, even with an in crease in the ther mal con duc tiv ity. For the same limit of the sur face tem per a ture on the top coat, a rise from 1652 to 1736 K is ob served in gas in let tem - Fig ure 6a shows the tem per a ture re duc tion in the top layer at dif fer ent thick ness for dif fer ent con di tions of ther mal con duc tiv ity and mass flow rate of blade cool ing air & m c . For the same con di tions an in crease in the tem per a ture re duc tion was ob served (about 78 K) with the increase of thick ness through 300 to 500 mm. This in crease is due the higher in su la tion pro duced by the thicker layer.
Three set tings were tested in or der to rep re sent the best, me dium, and worst con di tions for each thick ness. These are the low est & m c and the high est k 1 , the high est & m c and the low est k 1 , and in ter me di ate val ues. In creas ing k 1 and re duc ing & m c sig nif i cantly re duces the tem per a ture gap in the top layer. An a lyz ing the fig. 6b the gas in let tem per a ture has to de crease for thicker lay ers, for the lower and in ter me di ate ther mal con duc tiv ity and higher mass flow rate of cool ing air. How ever, for k 1 were ob served, which is good for the re sis tance. How ever this re duc tion on in let tem per a ture gives lower ef fi ciency of the gas tur bine plant. Fig ure 7 shows the re sults of the wall blade tem per a ture dis tri bu tion for dif fer ent thermal con duc tiv ity of the ZrO 2 -8 wt.% Y 2 O 3 , for three pairs of d 1 and & m c , in or der to show the min imum and max i mum ef fects. The ther mal con duc tiv ity is in creased from k 1 = 0.5 to 1.2 W/mK, and this led to the re duc tion of the coat ing in su la tion ca pac ity, there fore in creas ing the metal tem per ature. This ef fect al lows a de crease in du ra tion of the life time of the blade by re duc ing its ther mal fa tigue.
As it is shown in the fig. 8 , the in crease of the ther mal con duc tiv ity al lows the raise of the in let tem per a ture (gas tem per a ture). How ever, for the lower thick ness and lower air flow rate, the in let tem per a ture should be re duced be cause the heat flux re moved by the air is not enough.
The usual thick ness for plasma sprayed ther mal bar rier coat ings in gas tur bines blades is 300 mm and the typ i cal ther mal con duc tiv ity is 0.8 W/mK. Yet, coat ing sintering in creases the ther mal con duc tivity, there fore re duc ing the in su la tion ca pabil i ties.
Ther mo dy namic re sults
As eq. (4) shows, we can in crease the in let tem per a ture in the gas tur bine T 4 ei ther by in creas ing the mass fuel flow rate & m f or by re duc ing the mass air flow rate & m a . In this anal y sis it was cho sen the in creas ing of gas tur bine in let tem per a ture by vari a tion of mass rate of fuel flow from 1.627 to 8 kg/s. The max i mum pos si ble in let tem per a ture oc curs for stoichiometric combus tion and de pends on the LHV of the fuel. The net out put power of gas tur bine plant in creases with the in creas ing of gas tur bine inlet tem per a ture (see fig. 9 ), this aug men ta tion be ing al most lin ear and for each in crease of 100 K it in creases nearly 120 MW. The first-law ef fi ciency h I , the sec ond-law ef fi ciency h II , and the exergetic ef fi ciency h exe also in crease with the in let tem per a ture. Com pared with the first-law ef ficiency (the exergetic ef fi ciency has a sim i lar vari a tion with gas tur bine in let tem per a ture), the second law ef fi ciency in creases more slowly with the rise of the in let tem per a ture and it shows higher val ues.
We can see in fig. 10 that for an in crease of gas tur bine in let tem per a ture of 173 K (from 1600 to 1773 K), the ther mal ef fi ciency de creases about 3%. This fig ure also shows that h I de creases from 38.6% to 34.6% at 1600 K and from 41.5% to 38.2% at 1773 K, as the frac tion of cool ing air flow rate changes from 7% to 15%. The vari a tion of & W net with the mass of cool ing air can be seen in fig. 10 and this power de creases as the frac tion of cool ing air flow rate raises.
It is well known that the sec ond law anal y sis (exergy anal y sis) of fers a better un derstand ing of what is hap pen ing dur ing a pro cess and in di cates the causes of the in ef fi cien cies with this pur pose. A sec ond law anal y sis was per formed for each plant com po nent . Fig ure 11 shows the pro duc tion of ir re vers ibil ity (de struc tion of exergy) for each plant com po nent and how the ir re vers ibil ity rates vary with in let tem per a ture. The pro duc tions of ir re vers ibil ity due The NO x and CO emis sions, func tion of the adi a batic flame temper a ture in the pri mary zone of the combustor, are plot ted in fig. 12 . This pri mary zone is close to the gas tur bine in let tem per a ture. As expected the NO x emis sions in crease with the com bus tion tem per a ture. It is known that, as com bus tion temper a ture in creases the NO x emissions in crease. The NO x in creases ex po nen tially with the tem per a ture above about 1750 K. Our re sults prove this ef fect, as can be seen in the NO x curve on fig. 12 .
Ta ble 5 shows gas in let tem per ature T g , ther mo dy namic ef fi cien cies (h I , h II , and h exe ) and net power & W net as a func tion of mass of blade cooling air, TBC thick ness and ther mal con duc tiv ity for the frac tion of cooling air b = 10%. These re sults were ob tained con sid er ing the max i mum tem per a ture al lowed for the ZrO 2 -8 wt.% Y 2 O 3 top coat ing (1200 ºC) and for the blade base ma te rial (Inconel 738 LC) (1000 ºC). The re sults pre sented in tab. 5 show that, for the same ther mal con duc tiv ity and flow rate of blade cool ing air, the al lowed in let tem per a ture de creases with the in crease in top layer thick ness, which im plies a de crease in the net power and ef fi ciency. How ever the in crease in the thick ness of the top layer pro motes better in su la tion, shown by the in crease in the tem per a ture dif fer ence be tween the sur face top layer and blade ma te rial. This ef fect is fa vour able to the thermo-me chan i cal be hav iour of the blades.
In creas ing the mass flow rate of blade cool ing air pro motes an in crease in the ef ficiency and in the net power be cause it al lows higher in let tem per a tures by pro mot ing the in ten sifi ca tion of heat re moval. This raise in in let tem per a ture is ac com pa nied by an in crease in the insu lat ing ef fect al low ing, lower tem per a tures in the metal parts even for higher gas in let tem per a tures.
The higher ther mal con duc tiv ity of the ther mal bar rier coat ings pro motes an in crease of the net power and the ef fi cien cies by al low ing higher in let tem per a tures. How ever this gain is lim ited and in par tic u lar for the air mass flow rate of 1%, the in let tem per a ture can be in creased only when k 1 is bel low 0.8 W/mK. Fig ure  13 also shows that the in crease of ther mal con duc tiv ity has an im por tant ef fect in terms of the in su lat ing ef fect. For ex ample, for the 300 mm thick ness, the in crease in k 1 from 0.5 to 1.2 W/mK in duces a decline in tem per a ture re duc tion of about 150 K and the gain in in let tem per a ture is only about 75 K for & m c = 1.5 and 2%. For the stud ied con di tions (frac tion of cool ing air flow rate b = 10%) the pos si ble range for the in let tem per a ture lies be - Fig ure 13 . The cor re la tion be tween the ther mal con ductiv ity of ther mal bar rier coat ings on the re duc tion of blade tem per a ture for top coat ing thick ness of 300 mm tween 1600 and 1773 K. Within this range it is pos si ble to in crease the net power by 20.63 MW and the ther mal ef fi ciency by 3.4%. How ever, a care fully anal y sis is nec es sary in or der to se lect the com bi na tion of the ther mal bar rier coat ings prop er ties (k 1 and d 1 ) be cause the lower k 1 leads to higher ther mal in su la tion but al lows lower in let tem per a tures. The in crease of coat ings thick ness also has the same ef fect. Please note that the re duc tion of k 1 and the in crease of d 1 for the same blade cool ing rate lead to an im por tant tem per a ture re duc tion for the me tal lic parts. This me tal lic tem per a ture re duc tion may be more im por tant than the de crease in ther mo dy namic per for mances. Re duc ing k 1 from 1.2 to 0.5 W/mK pro motes a de crease of about 1.4% in ther mal ef fi ciency and the in crease of d from 300 mm to 500 mm pro motes a de crease of about 1%.
On the other hand, for the same max i mum tem per a ture al lowed by the top coat, it is pos si ble to in crease the tem per a ture re duc tion for the me tal lic part by near 150 K for the thickness of 300 mm and about 170 K for the thick ness of 500 mm. For the same k 1 and blade cool ing rate & m c the in crease in thick ness of top coat from 300 to 500 mm pro duces an in crease in tem pera ture re duc tion of about 100 K.
Con clu sions
In this study cal cu la tions have been made for the para met ric study of var i ous con ditions and prop er ties, in clud ing ther mal con duc tiv ity of top coat ing, its thick ness and the blade mass flow rate of cool ing air.
For the ther mo dy namic anal y sis, the model is an im por tant step for ward among other stud ies, as it con sid ers the tem per a ture de pend ent work ing flu ids prop er ties (c p a , c p g ) in or der to de scribe more re al is ti cally the plant op er a tion. Also, it con sid ers a dif fer ent mass flow rate though the com pres sor (just air) and the gas tur bine (com bus tion gases), the dif fer ence be ing equal to the mass flow rate of the fuel.
This anal y sis shows that the de crease in ther mal con duc tiv ity from 1.2 to 0.5 W/mK aug ments sig nif i cantly the tem per a ture re duc tion be tween top coat sur face and me tal lic bond coat and leads to lower ther mo dy namic per for mances. How ever the gain in the tem per a ture reduc tion is more im por tant than the loss in the per for mance (about 1.4% in ther mal ef fi ciency). A sim i lar ef fect ap pears with the change of thick ness. In creas ing the mass flow rate of blade cooling air in creases the tem per a ture re duc tion and the ther mo dy namic per for mance.
As ex pected, the in crease of in let tem per a ture leads to the NO x emis sions in crease (mainly above 1750 K) while the CO emis sions de crease.
For the de vel op ment of other ma te ri als that are sta ble at higher tem per a tures and for the same ther mal con duc tiv i ties it is pos si ble to es ti mate the lim it ing in let tem per a tures and es timate its ef fect on the ef fi ciency and per for mance of gas tur bines.
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